demonstrated by the Upjohn group that an oxygen function at carbon-11 can be introduced microbiologically by members of the Mucorales Eppstein et al., 1953b; Meister et al., 1953a Meister et al., , 1953b Murray and Peterson, 1952; Peterson et al., 1953a; Peterson et al., 1953b) , by species of Penicillium and by species of Aspergillus . Fried et al. (1952) have also demonstrated that Aspergillus niger introduces a hydroxyl with the alpha configuration at carbon-11 of progesterone, 17a-hydroxyprogesterone and 11-desoxy-17-hydroxycorticosterone (Reichstein's substance S).
All of the organisms noted in the above citations, with the exception of Cunninghamella blakesleeana, introduce a hydroxyl with the alpha configuration at carbon-11. C. blakesleeana is capable of 11i-hydroxylation at carbon-11. Other organisms reported to be capable of introducing a hydroxyl with the beta configuration at carbon-11 are Streptomyces fradiae (Colingsworth et al., 1953; Haines and Colingsworth, 1953) and strains of Curvularia (Shull and Kita, 1953) .
In addition to hydroxylations at carbon-il, a number of other oxygenations are known. The above cited papers plus those of Arnaudi (1951 Arnaudi ( , 1954 , Perlman ei al. (1952) and Meystre (1954 Meystre ( , 1955 Thom and Raper (1946) and Raper and Thom (1949) . In addition to the identified cultures, a large number of isolates from natural sources representing both genera have been tested. The results obtained with these isolates agree with those obtained with identified cultures.
Cultures for testing were grown at 28 C until good sporulation was obtained on potato dextrose agar supplemented with yeast extract and malt extract each at 5 g per liter or on a medium containing glucose 20 g, N-Z-Amine 20 g, yeast extract 2 g, malt extract 2 g, and agar 25 g per liter of distilled H20. Ten ml of sterile distilled water were added to each sporulated slant culture, the spores were washed or scraped free, and 2 ml of this suspension was used to inoculate 250-ml Erlenmeyer flasks containing 50 ml of medium. The medium used routinely contained cerelose 50 g, edamine 20 g, and corn steep liquor 5 ml per liter of distilled H20 . The pH was adjusted to 6.5 before autoclaving at 15 pounds pressure for 17 minutes. Other media have been used experimentally and had been found to be as adequate as this cerelose-edamine medium. The compositions of two such media are listed in a later section. The results supporting the generalizations made in this paper were obtained principally through use of the cereloseedamine medium.
The inoculated flasks were incubated at 28 C on rotary shakers moving at 220 rpm and describing a circle 1.5 inches in diameter. After good growth occurred, routinely 24 to 48 hours, 10 mg of steroid in 2½ ml of propylene glycol were charged to each flask.
The flasks were replaced on the shakers for further incubation and removed for analysis at the desired time. Because monohydroxylations were being sought, the incubation following steroid charge was usually 24 hours. This length of incubation was chosen after preliminary experimentation and later experiments had shown it to be quite adequate. Many cultures have been incubated with the steroid for longer periods, however, in order to study polyhydroxylation.
For assay, the 50 ml of whole broth was homogenized in a Waring blendor for one minute and the broth extracted with two 25-ml portions of chloroform. The chloroform extracts were combined, taken to dryness at room temperature and the dried extract taken up with 2 ml of pure methanol. Aliquots of the methanol solution were spotted on Whatman No. 1 filter paper sheets and chromatograms were developed using the solvent systems and methods of Zaffaroni and associates and Zaffaroni et al. 1950 , 1951 . The conversion products and unreacted steroid were located by means of an ultraviolet light scanner (Haines and Drake, 1950) .
The above assay procedure was followed in the course of screening cultures. When transformations were to be determined quantitatively, the homogenized whole broth was extracted with three 50-ml portions of chloroform and care was taken to break the emulsions that frequently developed. After developing the chromatograms, the transformation products were eluted in methanol that had been checked for ultraviolet light absorption and the per cent transformations calculated from the optical densities of the eluates determined at 2400 A.
RESULTS AND DISCUSSION
Aspergillus. The aspergilli tested for transformation of progesterone are summarized in table 1. In all, 475 cultures representing 38 species were tested. In addition, a large number of isolates from natural sources, but unidentified as to species, were tested. Many of the cultures listed in table 1 also were tested for transformation of Reichstein's substance S.
Two major transformation products of progesterone were obtained from the majority of these cultures. acid absorption spectrum was identical to that of 1 la-hydroxyprogesterone. The lac-and 6(3-hydroxylations, insofar as they have been studied, are effected by adaptive enzyme systems. The organism first adapts to progesterone transforming this substrate to 1 la-hydroxyprogesterone. Another adaptive enzyme is then "formed" that introduces the 6(-hydroxyl onto this first transformation product.
Although quantitative measurements of progesterone conversion to the dihydroxy derivative have been made in a relatively few instances, the qualitative assay results indicate that quite high over-all transformation can be obtained with some cultures. Transformation of progesterone to the lla-hydroxy derivative has been obtained in 80 per cent yield and lla-hydroxyprogesterone has been transformed further to the lla, 6,B-dihydroxy derivative in equal yield. It is not implied that such yields can be obtained with most of the aspergilli. This possibility would have to be explored using optimum conditions for steroid transformation by each culture and this has not been done.
The per cent of the cultures of each species that possibly transformed progesterone to 1 la-hydroxyprogesterone is given in table 1. Where only a few representatives of each species were tested, the per cent effecting this transformation is not too meaningful. It does, however, show this transforming ability to be widely distributed throughout the genus. This becomes more impressive when one remembers that progesterone transformation by most of these cultures was assayed at one point in the conversion. Cultures mnight well be reported as unable to carry out this transformation if the yield of 1 1a-hydroxyprogesterone was less than 5 per cent of the charged progesterone. The 5 per cent figure represents the lower limit detectable under the assay conditions employed. Thus cultures that slowly converted progesterone to 1la-hydroxyprogesterone or rapidly transformed 1 lahydroxyprogesterone to another derivative might be missed.
It is important to note that 1 a-hydroxyprogesterone has been isolated and characterized as such in only a few instances. The per cent of active cultures was calculated merely on the basis that the products obtained from the progesterone fell in the lla-hydroxyprogesterone region on the paper gram.
Representatives of a number of species were selected by semiquantitative assay for a quantitative comparison in three media as follows: In this experiment 1 ml of vegetative growth was used to inoculate each flask. The inoculum and the transformation media were the same in each instance. After 72 hours' growth, 10 mg of progesterone in 2.5 ml of propylene glycol were charged to each flask. The transformations were assayed at intervals from 6 to 60 hours. The results are summarized in table 2. These data do not give a complete picture of the transformation patterns. It is obvious, however, that promising cultures for transformation of progesterone to 1 lahydroxyprogesterone can be found in a number of species. Better transformation yields probably could be obtained by making a detailed study of the conversion requirements of a specific culture.
Whereas the usual progesterone transformation pattern with aspergilli is to 1 la-hydroxyprogesterone and thence to 6(, lla-dihydroxyprogesterone, this secondary hydroxylation has been found to vary with certain cultures. A few soil isolates of Aspergillus transform progesterone to 1 lca-hydroxyprogesterone then convert this derivative to 1 la, 17a-dihydroxyprogesterone. Complete physical constants on this dihydroxypro- 1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1 Penicillium. Representatives of 92 species of the 137 recognized by Raper and Thom (1949) were tested for ability to transform progesterone to 1lla-or llhydroxyprogesterone. The identified cultures and the numbers of each are listed below. In all, 476 identified isolates and a large number of unidentified isolates were studied.
One representative of the following species was tested. P. albidum, P. asperum, P. aurantio-violaceum, P. brevi-compactum, P. camemberti, P. chermisinum, P. claviforme, P. cyaneum, P. digitatum, P. duponti (grown at 50 C), P. granulatum, P. javanicum, P. jenseni, P. lanoso-coeruleum, P. lanoso-griseum, P. lanoso-veride, P. lividum, P. meleagrinum, P. nalgiovensis, P. namyslowskii, P. ochro-chloron, P. palitans, P. psittacinum, P. rolfsii, P. simplicissimum, P. solitum, P. vermiculatum, P. vinaceum, and P. wortmanni.
Two cultures of each of the following species were tested. P. adametzi, P. biforme, P. canescens, P. caseicolum, P. citreoviride, P. commune, P. daleae, P. ehrlichii, P. frequentans, P. gladioli, P. herquei, P. humuli, P. melinii, P. miczynskii, P. piscarium, P. raistrickii, P. restrictum, P. roseo-purpureum, P. soppi, P. terlikowskii, P. trzebinskii, and P. verruculosum.
Three isolates of the following were screened. P. atramentosum, P. aurantio-virens, P. citrinum, P. decumbens, P. islandicum, P. luteum, P. nigricans, P. oxalicum, P. purpurrescens, P. steckii, and P. turbatum.
Four or more members of other species were available for study. The species and the number of each tested are as follows. P. brefeldianum 4, P. chrysogenum 126, P. corylophilum 7, P. corymbiferum 4, P. crustosum 5, P. cyaneo-fulvum 8, P. cyclopium 14, P. expansum 14, P. fellutanum 4, P. funiculosum 37, P. implicatum 4, P. italicum 6, P. janthinellum 4, P. lilacinum 7, P. martensii 5, P. notatum 35, P. ochraceum 4, P. olivino-viride 4, P. puberulum 5, P. purpurogenum 7, P. roqueforti 11, P. rugulosum 10, P. spinulosum 9, P. stotoniferum 4, P. tardum 4, P. terrestre 6, P. thomii 5, P. urticae 8, P. viridcatum 5, and P. waksmanni 4.
The results showed clearly that, unlike the genus Aspergillus, ability to introduce a hydroxyl at carbon-11
of progesterone is not a characteristic of Penicillium * 60-hour sample was lost.
t Contamination suspected.
t Data unconvincing. § Another product is near lla-hydroxyprogesterone on the papergrams. Resolution of the products was not certain.
species. Only three cultures, i.e., P. corylophilum, P. lilacinum, and P. tardum were found to hydroxylate progesterone at carbon-11. In each instance the hydroxyl had the alpha configuration. 
